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FRQQHFWHG WR WKHSURFHVVRQ WKH IXQFWLRQDOSURSHUWLHVRIPDWHULDO0HWDOORJUDSKLFDQDO\VLVKDYHEHHQHPSOR\HG WR
KLJKOLJKWPLFURVWUXFWXUDOIHDWXUHVRISURFHVVHG]RQHIXUWKHUPRUHVWDUWLQJIURPWKHPLFURJUDSKLFFDSWXUHVDW;
RI PDJQLILFDWLRQ D WZRVWHS LPDJH DQDO\VLV SURFHGXUH KDV EHHQ VHW XS LQ RUGHU WR TXDQWLI\ WKH DPRXQW RI WKH






SRVW SURFHVVLQJ DQQHDOLQJ WUHDWPHQW IROORZLQJ LQGLFDWHG DV 77 KDV EHHQ SHUIRUPHG LQ RUGHU WR LQYHVWLJDWH WKH
SRVVLELOLW\WRUHFRYHUWKHSDUWLDOORVLQJRIWKHVKDSHPHPRU\FDSDELOLW\VXEVHTXHQWWRWKH)63>@
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9DULDEOHORDGFKDUDFWHUL]DWLRQDQQHDOLQJDQGLPDJHSURFHVVLQJH[SHULPHQWDOSURFHGXUHV
7KH VKDSHPHPRU\PDWHULDO HPSOR\HG LQ WKLV VWXG\ZDV D7L ± 1L DW SFW WKLQ VKHHW IODWPHPRUL]HG
ZKLFKNHHSV LQ WKHPDUWHQVLWLFVWDWHDW URRPWHPSHUDWXUH7KH)63ZDVSHUIRUPHGRQ WZRPPîPPWKLQ




PDWHULDO DQG WR SHUIRUP WKH9/ WHVW )URP WKHPHWDOORJUDSKLF LQYHVWLJDWLRQV RI FURVV VHFWLRQHG VSHFLPHQV LWZDV
SRVVLEOH WRGLVWLQJXLVK IRXU W\SLFDO)6:UHJLRQV UHVSHFWLYHO\QDPHG1XJJHW7KHUPR0HFKDQLFDO$IIHFWHG=RQH
+HDW $IIHFWHG =RQH DQG %DVH 0DWHULDO 7KH VKDSH PHPRU\ SURSHUWLHV ZHUH PHDVXUHG E\ D YDULDEOH ORDG WHVW
SHUIRUPHG E\ HPSOR\LQJ D VLPSOH VSHFLILFDOO\ GHVLJQHG HTXLSPHQW FRQVWLWXWHG E\ D FODPSLQJ GHYLFH IRU WKH
VSHFLPHQ D EHQGLQJ VSLNH SRVLWLRQHG WR EHQG WKH IULFWLRQ VWLU SURFHVVHG UHJLRQ D FRQWUDVW VSULQJ LQ RUGHU WR
PDFURVFRSLFDOO\ GHWHFW WKH SKDVH WUDQVIRUPDWLRQV GXULQJ WKH FRROLQJ DQG D JRQLRPHWULFDO UHIHUHQFH LQ RUGHU WR
PHDVXUHWKHEHQGLQJDQJOHYDULDWLRQV7KHFRQWUDVWVSULQJDSSOLHVDYDULDEOHORDGRQWKHPDWHULDOGXULQJWKHWKHUPDO
VFDQQLQJDVIXQFWLRQRI WKHVSULQJHORQJDWLRQ)RUHDFKEHQGLQJDQJOH LW LVSRVVLEOH WRFRPSXWH WKHFRUUHVSRQGLQJ
ORDGYDOXH E\ UHFRUGLQJ WKH VSULQJ HORQJDWLRQ DQG WKHUHIRUH LW LV SRVVLEOH WR GHILQH WKH ORDG OHYHOV DWZKLFK WKH
WUDQVIRUPDWLRQWHPSHUDWXUHVZHUHPHDVXUHG7KH9/WHVWHUZDVKHDWHUXSWRWKHWHPSHUDWXUH$ILQRUGHUWRDFWLYDWH
WKH VKDSHPHPRU\HIIHFW 60('XULQJ WKH WKHUPRPHFKDQLFDO F\FOLQJ WKH WHPSHUDWXUHZDVPHDVXUHGXVLQJD.
WKHUPRFRXSOHDQGLWZDVUHFRUGHGWRJHWKHUWRWKHEHQGLQJDQJOHXVLQJDGLJLWDOFDPFRUGHU7KH9/FKDUDFWHUL]DWLRQ
WHVWVKLJKOLJKWHGWKDWWKH)63JLYHVERWKGXFWLOLW\DQGVKDSHPHPRU\FDSDELOLW\UHGXFWLRQ,QRUGHUWRTXDQWLI\WKHVH
WZR GLIIHUHQW HIIHFWV DQG WR FRPSDUH WKHP WR WKH IXQFWLRQDO SURSHUWLHV RI WKH EDVH PDWHULDO WKUHH LQGLFDWRUV
UHVSHFWLYHO\QDPHGIXQFWLRQDOLQGH[),GXFWLOLW\UHGXFWLRQ'5DQGVKDSHPHPRU\FDSDELOLW\UHGXFWLRQ605
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,QHIIHFWZKHQWKHSDUDPHWHUTILVHTXDOWRGHJUHHVDQGWKHUHIRUHWKHTIYDOXHLVWKDWRQHRIEDVHPDWHULDOWKH
605 LV HTXDO WR  SFW ZKLOH DW LQFUHDVLQJ RI WKH SDUDPHWHU TI WKH 605 YDOXH LQFUHDVH DOVR 7KH 605 LQGH[
IRUHVHHV WKH WRWDO ORRVLQJ RI VKDSH PHPRU\ SURSHUWLHV ZKHQ WKH TI YDOXH LV HTXDO WR  GHJUHHV 7KH GXFWLOLW\
UHGXFWLRQDIIHFWVWKHWRWDOLQWULQVLFVKDSHPHPRU\FDSDELOLW\RISURFHVVHGPDWHULDODQGGHWHUPLQHVDUHGXFWLRQRIWKH






XVHG LQRUGHU WRFRQIHU WKHVKDSHPHPRU\SURSHUWLHV WR WKH1L7LDOOR\V7KHSURFHVVHGVSHFLPHQV WKHUHIRUHKDYH
EHHQKHDWHGXSWR.DQGPDLQWDLQHGDW WKLV WHPSHUDWXUHIRUVHFRQGVILQDOO\ WKH\KDYHEHHQTXHQFKHGLQ
FROGZDWHU9/WHVWVDQGPLFURJUDSKLFREVHUYDWLRQVKDYHEHHQSHUIRUPHGDOVRRQWKHSRVWWKHUPDOWUHDWHGVSHFLPHQV
0HWDOORJUDSKLF LQYHVWLJDWLRQVRIFURVVVHFWLRQHGVSHFLPHQVZHUHFDUULHGRXWXVLQJVXLWDEOHPRXQWLQJJULQGLQJ
SROLVKLQJ DQG HWFKLQJ SKDVHV 3DUWLFXODUO\ PRXQWHG VDPSOHV ZHUH JURXQG XVLQJ 6L& SDSHU ZLWK VXFFHVVLYHO\
GHFUHDVLQJJULWVL]HUHVSHFWLYHO\HTXDOWRDQG6DPSOHVZHUHVXEVHTXHQWO\SROLVKHGXVLQJ
PPSRO\FU\VWDOOLQHGLDPRQGDQGHWFKHGZLWKDUHDJHQWFRPSRVHGE\PO+12PO+)DQGPO+27KH
PDWHULDOZDV WKHQREVHUYHGE\RSWLFDOPLFURVFRS\7KHPLFURJUDSKLFREVHUYDWLRQVKLJKOLJKWHG WKH W\SLFDO IULFWLRQ




YDU\LQJRI WKH WKHUPDOFRQWULEXWLRQDVD IXQFWLRQRI WKHVLQNLQJGHSWKSDUDPHWHU LWPD\DIIHFWVDOVR WKH+$=$
SURSHULPDJHSURFHVVLQJWHFKQLTXHKDVEHHQSHUIRUPHGRQHDFKPLFURJUDSKLFLPDJHLQRUGHUWRTXDQWLI\WKHDPRXQW




DIWHU WKH GHQRLVHG LPDJHVZHUH FRQYHUWHG LQWR JUH\ VFDOH LPDJHV DQG HQKDQFHG E\PHDQV RI DGDSWLYH KLVWRJUDP
HTXDOL]DWLRQ
)LQDOO\WKHWH[WXUHVHJPHQWDWLRQSURFHGXUHVIROORZHGE\LPDJHELQDUL]DWLRQDOORZHGWRGLVWLQJXLVKDQGTXDQWLI\
WKH DPRXQW RI HDFK SKDVH 7KHZKROH LPDJH SURFHVVLQJ SURFHGXUH LV VXPPDUL]HG LQ )LJXUH  %RWK WKHZDYHOHW
LPDJHGHQRLVLQJDQGWKHWH[WXUHEDVHGVHJPHQWDWLRQDQDO\VLVZHUHSHUIRUPHGE\PHDQVRIWKH0$7/$%VRIWZDUH
)RUHDFKW\SLFDOUHJLRQRISURFHVVHGPDWHULDODV1XJJHW70$=+$=DQGEDVHPDWHULDOZHUHFDSWXUHGDQGLPDJH
SURFHVVHG ILYHPLFURJUDSKLF LPDJHV DW ;PDJQLILFDWLRQ7KHREWDLQHGSHUFHQWDJHV RIPDUWHQVLWH RU DXVWHQLWH
SKDVHVZHUHFRPSXWHGDVPHDQRIILYHYDOXHVUHODWHGWRWKHSUHYLRXVPHQWLRQHGPLFURJUDSKLFFDSWXUHV
5HVXOWVDQGGLVFXVVLRQV
7KH IXQFWLRQDO FKDUDFWHUL]DWLRQ RI IULFWLRQ VWLU SURFHVVHG7L1L DOOR\VZDV GHYHORSHG ERWK IURP DPDFURVFRSLF
SRLQWRIYLHZDQGIURPDPLFURVFRSLFSRLQWRIYLHZ0DFURVFRSLFDOO\ WKHYDULDWLRQRI WKHIXQFWLRQDOSURSHUWLHVRI
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F\FOLQJ WKHWHPSHUDWXUHZDVPHDVXUHGXVLQJD.WKHUPRFRXSOHDQGLWZDVUHFRUGHGWRJHWKHU WR WKHEHQGLQJDQJOH
XVLQJDGLJLWDOFDPFRUGHU5HJDUGLQJWKHFKDQJHVRIWUDQVIRUPDWLRQWHPSHUDWXUHVYDOXHVIROORZLQJWKH)63RI7L1L
PDWHULDOLWKDVEHHQREVHUYHGWKDWIRUORZHUWKHUPDOFRQWULEXWLRQDQGWKHUHIRUHIRUWKH6'SDUDPHWHUYDOXHHTXDOWR
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 PP WKHUH LV D UHGXFWLRQ RI DOO WKH WUDQVIRUPDWLRQ WHPSHUDWXUHV FRPSDUHG ZKLW WKRVH RI WKH EDVH PDWHULDO
3DUWLFXODUO\ LW KDV EHHQ IRXQG D FRQVLGHUDEOH UHGXFWLRQ RI0V WHPSHUDWXUH . WKDW LQGLFDWHV WKH SUHVHQFH RI
DXVWHQLWH VWDELOL]DWLRQ SKHQRPHQD 7KH SRVW SURFHVVLQJ DQQHDOLQJ WUHDWPHQW JHQHUDWHV D UHGXFWLRQ RI WKH DERYH
PHQWLRQHGSKHQRPHQRQSDUWLFXODUO\WKH0IDQG$IWHPSHUDWXUHVDUHDOPRVWWKHVDPHRIWKHRQHVREVHUYHGIRUWKH
EDVHPDWHULDOZKLOH WKH0VDQG$V WHPSHUDWXUHVSUHVHUYHD VPDOO UHGXFWLRQ FRPSDUHG WR WKH VDPH WUDQVIRUPDWLRQ
WHPSHUDWXUHVRIWKHEDVHPDWHULDOUHVSHFWLYHO\HTXDOWR.DQG.,QWKHFDVHRIKLJKHUWKHUPDOFRQWULEXWLRQDQG
WKHUHIRUHIRUWKH6'SDUDPHWHUYDOXHHTXDOWRPPWKH)63JHQHUDWHVDVPDOOLQFUHDVLQJRIWKH$IYDOXH.
DQGDQKLJKHU LQFUHDVLQJRI WKH0VYDOXH . UHVSHFW WR WKH VDPH WHPSHUDWXUHVRI WKHEDVHPDWHULDO7KHSRVW
SURFHVVLQJDQQHDOLQJWUHDWPHQWJHQHUDWHVDFRQVLGHUDEOHUHGXFWLRQRIWKH0VWHPSHUDWXUHUHVSHFWWKHSUHYLRXVYDOXH
3DUWLFXODUO\FRPSDULQJ WKH0V WHPSHUDWXUHDIWHUSRVWSURFHVVLQJDQQHDOLQJZKLW WKHVDPH WHPSHUDWXUHREVHUYHG LQ
WKHEDVHPDWHULDOWKHUHLVDUHGXFWLRQHTXDOWR.







YDOXH RI WKH VXVFHSWLELOLW\ RI WUDQVIRUPDWLRQ WHPSHUDWXUHV WR WKH VWUHVV OHYHOV WR WKH RQH REVHUYHG IRU WKH EDVH
PDWHULDO IRU WKH WHPSHUDWXUHV $V 0I DQG0V 7KH ǻ/RDGǻ7HPSHUDWXUH IDFWRU IRU WKH $I WHPSHUDWXUH LQVWHDG
LQFUHDVHVRISFWUHVSHFWWRWKHVORSHYDOXHREVHUYHGIRUWKHVDPHWHPSHUDWXUHOLQHLQWKHEDVHPDWHULDO+LJK
YDOXHVRIKHDWLQSXWGXULQJ)63OHDGWRDFRQVLGHUDEOHGHFUHDVHRIVXVFHSWLELOLW\RIWUDQVIRUPDWLRQWHPSHUDWXUHVWR
WKH H[LVWLQJ VWUHVV OHYHOV FRPSDUHG WR WKH GHWHFWHG VXVFHSWLELOLW\ YDOXH IRU WKH EDVH PDWHULDO ,Q HIIHFW WKH
ǻ/RDGǻ7HPSHUDWXUHIDFWRUVDUHLQFUHDVHGUHVSHFWWRWKHVORSHRI$V0IDQG0VWHPSHUDWXUHIRUWKHEDVHPDWHULDO
UHVSHFWLYHO\RISFWSFWDQGSFWZKHUHDVWKHǻ/RDGǻ7HPSHUDWXUHIDFWRUIRUWKH$IWHPSHUDWXUH
OLQHPDLQWDLQV WKHVDPHYDOXHRZQHGE\ WKHEDVHPDWHULDO$VDUHVXOWRI WKHSRVWSURFHVVLQJDQQHDOLQJ WUHDWPHQW




WKH EDVH PDWHULDO IRU DOO WKH WUDQVIRUPDWLRQ WHPSHUDWXUHV 7KLV SURSHUW\ OHDGV WR WKH SRVVLELOLW\ WR XVH D )63
FRPSRQHQW XQGHU YDU\LQJ ORDG FRQGLWLRQ ZKLW D VPDOO FKDQJH RI WUDQVIRUPDWLRQ WHPSHUDWXUHV FRQVLGHULQJ WKH
GLIIHUHQWZRUNLQJFRQGLWLRQV






GXFWLOLW\ UHGXFWLRQ DQG WR WKH VKDSHPHPRU\ FDSDELOLW\ UHGXFWLRQ 3DUWLFXODUO\ LW KDYH EHHQ IRXQG WKDWZKHQ WKH
WKHUPDOFRQWULEXWLRQGXULQJWKHSURFHVVLVORZHUDQGWKHUHIRUHWKH6'SDUDPHWHULVHTXDOWRPPWKHWZRDERYH





WR  PP WKH UHGXFWLRQ RI IXQFWLRQDO SURSHUWLHV DV D UHVXOW RI WKH )63 ZDV IRXQG PRUH VLJQLILFDQW WKDQ WKH
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SUHYLRXVFDVHLQIDFW WKH),YDOXHZDVIRXQGHTXDO WRSFW LQGLFDWLQJWKHUHIRUHDVXEVWDQWLDOUHGXFWLRQRI WKH
IXQFWLRQDO FKDUDFWHULVWLFV RI SURFHVVHG PDWHULDO 5HJDUGLQJ RI WKH WZR GLIIHUHQW FRQWULEXWLRQV UHVSHFWLYHO\
DWWULEXWDEOHWRWKHGXFWLOLW\UHGXFWLRQDQGWRWKHVKDSHPHPRU\FDSDELOLW\UHGXFWLRQZHUHERWKIRXQGHTXDOWRSFW






UHVXOWV KLJKOLJKWHG WKDW WKH )63 GHSHQGLQJ RQ WKH WKHUPDO FRQWULEXWLRQ YDOXH DFWLYDWHV GLIIHUHQW VROLG VWDWH
PRGLILFDWLRQSKHQRPHQDWKDWLQIOXHQFHWKHIXQFWLRQDOSURSHUWLHVRIPDWHULDOSDUWLFXODUO\WKHUHDUHVRPHSKHQRPHQD
WKDW FRPSURPLVH DOPRVW LUUHYHUVLEO\ WKH VKDSHPHPRU\ FDSDELOLW\ RIPDWHULDO DQG RWKHUV WKDW DOORZ WR UHFRYHU D
FRQVLGHUDEOHDPRXQWRI WKHIXQFWLRQDOSURSHUWLHVRIPDWHULDOE\PHDQVRI WKHSRVWSURFHVVLQJDQQHDOLQJ WUHDWPHQW
7KHGLVFXVVLRQRQWKHVHLQIOXHQFLQJIDFWRUVZDVUHSRUWHGLQWKHVHFWLRQ
3.4. Micrographic image analysis results 
7KHLPDJHDQDO\VLVSKDVHDSSOLHGWRWKHPLFURJUDSKLFFDSWXUHVDOORZHGWRTXDQWLI\WKHDPRXQWRIWKHDXVWHQLWH
DQGPDUWHQVLWH SKDVHV LQVLGH WKH FKDUDFWHULVWLFV%DVH+$=70$=DQG1XJJHW UHJLRQVRI IULFWLRQ VWLU SURFHVVHG
VSHFLPHQV 7KH REWDLQHG UHVXOWV XQGHUOLQHG WKDW LQ WKH FDVH RI 6' SDUDPHWHU HTXDO WR  PP WKHUH DUH VPDOO
UHJLRQV RI UHWDLQHG DXVWHQLWH LQVLGH WKH DXVWHQLWH PDWUL[ ZLWK WRWDO H[WHQVLRQ WKDW JUDGXDOO\ GHFUHDVHV IURP WKH
QXJJHW WRZDUG WKH70$= DQG ILQDOO\ WRZDUG WKH+$=DUHD 7KH DPRXQW RI UHWDLQHG DXVWHQLWH LQVLGH WKH QXJJHW
DWWDLQVDIWHU)63WKHYDOXHRISFWRIWRWDODUHDLQVLGHWKH70$=DWWDLQWKHYDOXHRISFWRIWRWDODQGLQVLGHWKH
+$= DWWDLQ WKH YDOXH RI  SFW RI WRWDO 7KH SRVWSURFHVVLQJ DQQHDOLQJ WUHDWPHQW JHQHUDWHG DQ LQFUHDVLQJ RI WKH
PDUWHQVLWHSHUFHQWDJHLQVLGHDOO WKHDERYHPHQWLRQHGUHJLRQVEXW WKHDPRXQWRI WKLVUHFRYHUZDVGHFUHDVLQJIURP




DPRXQW KDV EHHQPRUH QRWLFHDEOH LQ WKH1XJJHWZLWK UHVSHFW WR WKH 70$= DUHD 7KH SRVWSURFHVVLQJ DQQHDOLQJ
WUHDWPHQWJHQHUDWHGDFRQVLGHUDEOH LQFUHDVLQJRI WKHPDUWHQVLWHSHUFHQWDJH LQVLGHDOO WKHDERYHPHQWLRQHGUHJLRQV
DQG WKHDPRXQWRI WKLV UHFRYHUZDVGHFUHDVLQJIURPWKHQXJJHW WRZDUG WKH70$=,QHIIHFW WKHSRVWSURFHVVLQJ
WKHUPDOWUHDWPHQWSURPRWHGWKHUHGXFWLRQRISFWRIUHWDLQHGDXVWHQLWHLQVLGHWKHQXJJHWDQGWKHUHGXFWLRQRISFW




VWDWH PRGLILFDWLRQV DOORZ WR SURPRWH DQRWKHU DXVWHQLWH VWDELOL]DWLRQ SURFHVV WKDW LW LV VLJQLILFDQWO\ DWWHQXDWHG E\
PHDQVRIWKHDQQHDOLQJWUHDWPHQW)LQDOO\UHJDUGLQJRIWKHPDUWHQVLWHPRUSKRORJ\LWZDVREVHUYHGWKDWLQVLGHWKH
UHJLRQVDIIHFWHGE\SODVWLFIORZRIPDWHULDOGXULQJ)63WKHUHLVDSUHIHUHQWLDORULHQWDWLRQVRIPDUWHQVLWHSKDVHDQG
IXUWKHUPRUH LQVLGH WKH1XJJHW WKHEDODQFHEHWZHHQ WKHGHIRUPDWLRQ OHYHO DQG WKH DFWLYDWHG'5&;SKHQRPHQRQ
SURPRWHVWKHGHYHORSPHQWRIVPDOOSODWHVRISUHIHUHQWLDORULHQWHGPDUWHQVLWH
3.5. Influential factors 
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$UHOHYDQWUHGXFWLRQRIPDWHULDOGXFWLOLW\ZDVREVHUYHGLQDOOWKHVSHFLPHQVXEMHFWHGWR)63EXWWKLVUHGXFWLRQ
ZDV WRWDOO\ UHFRYHUHG IRU DOO WKH XVHG SURFHVV SDUDPHWHUV E\ WKH SRVW SURFHVVLQJ DQQHDOLQJ WUHDWPHQW 7KHVH
FRQVLGHUDWLRQVFRXSOHGZKLWWKHPLFURJUDSKLFREVHUYDWLRQVWKH\VXJJHVWHGWKDWWKH'5SKHQRPHQRQLVDWWULEXWDEOH
WR WKH SUHIHUHQWLDO RULHQWDWLRQ RI PDUWHQVLWH SKDVH LQVLGH WKH1XJJHW DQG 70$= UHJLRQV 7KH HIIHFW RI WKH SRVW
SURFHVVLQJDQQHDOLQJ WUHDWPHQW DOORZV WRREWDLQ D UHRULHQWDWLRQRI WKHPDUWHQVLWHYDULDQWV WKDWQRZPD\GHYHORS
WKHPVHOYHV DFFRUGLQJ WR DOO SRVVLEOH RULHQWDWLRQV 7KLV UHRULHQWDWLRQ RI YDULDQWV JXDUDQWHHV WKH UHFRYHULQJ RI WKH
GXFWLOLW\UHGXFHGDIWHUWKH)637KH6KDSH0HPRU\FDSDELOLW\RIPDWHULDOLVLQIOXHQFHGE\WKHDPRXQWRIWKHUHWDLQHG








LQWHUPHWDOOLF SUHFLSLWDWLRQ LQ WKH FDVH RI ORZHU WKHUPDO FRQWULEXWLRQ 7KLV DJLQJ 7L1L SUHFLSLWDWLRQ FRQVWLWXWHV
DQRWKHUPHFKDQLVPWKDWSUHYHQWVWKHPDUWHQVLWHGHYHORSPHQWLQVLGHWKHDXVWHQLWHUHJLRQVDQGGHWHUPLQHVWKHUHIRUH
WKHVWDELOL]DWLRQRIDXVWHQLWHSKDVH7KHSRVWSURFHVVLQJDQQHDOLQJWUHDWPHQWDFWVGLIIHUHQWO\GHSHQGLQJRQZKHWKHU




,Q WKLV VWXG\ WKH HIIHFW RI )ULFWLRQ 6WLU 3URFHVVLQJ RI 7L1LPDWHULDO RQ WKHLU IXQFWLRQDO SURSHUWLHV LW KDV EHHQ
LQYHVWLJDWHG LQ RUGHU WR HYDOXDWH WKH IHDVLELOLW\ RI IULFWLRQ VWLUZHOGLQJ SURFHVV WR MRLQ WKLQ VKHHWV RI 7L1L VKDSH
PHPRU\ DOOR\ 7KH IXQFWLRQDO FKDUDFWHUL]DWLRQ RI IULFWLRQ VWLU SURFHVVHG 7L1L DOOR\V ZDV GHYHORSHG ERWK IURP D
PDFURVFRSLF DQG IURP DPLFURVFRSLF SRLQW RI YLHZ$ FKDUDFWHUL]DWLRQPHWKRG DEOH WR SURYLGH WKHZKROH VWUHVV
VWUDLQWHPSHUDWXUH FKDUDFWHUL]DWLRQ RI WKH VKDSH PHPRU\ PDWHULDO LQ RQO\ RQH WHVW KDV EHHQ SURSRVHG $ SRVW
SURFHVVLQJ DQQHDOLQJ WUHDWPHQW DOORZHG WR LQYHVWLJDWH WKH SRVVLELOLW\ WR UHFRYHU WKH SDUWLDO ORVLQJ H[SHULPHQWDOO\
IRXQGRIWKHVKDSHPHPRU\DQGRIWKHGXFWLOLW\RISURFHVVHGPDWHULDO$VWUXFWXUHGLPDJHSURFHVVLQJSURFHGXUHRI











x 7KH UHWDLQHG DXVWHQLWH JHQHUDWHG E\ DXVIRUPLQJ PD\ EH WRWDOO\ UHFRYHUHG DQG WKHUHIRUH WUDQVIRUPHG LQWR
PDUWHQVLWHSKDVHDIWHU WKHDQQHDOLQJ WUHDWPHQWZKLOH WKH UHWDLQHGDXVWHQLWHRULJLQDWHGE\DJLQJUHPDLQVDOVR
DIWHUWKHDQQHDOLQJWUHDWPHQW





DQQHDOLQJ VSHFLDOO\ LQ WKH1XJJHW ]RQH LQZKLFK WKH UHWDLQHG DXVWHQLWH DIWHU DQQHDOLQJ KDV EHHQ KDOYHG DQG
16   A. Barcellona and D. Palmeri /  Procedia Engineering  109 ( 2015 )  8 – 16 
WKHUHIRUH LQ WKLV FDVH EHFDXVH RI WKH KLJKHU YDOXH RI WKH WKHUPDO FRQWULEXWLRQ GXULQJ WKH SURFHVV WKH
SUHGRPLQDQWDXVWHQLWHVWDELOL]DWLRQSKHQRPHQRQLVUHODWHGWRWKHDXVIRUPLQJHIIHFWDQGWKHGXFWLOLW\UHGXFWLRQ
PHFKDQLVP LV DOVR DFWLYDWHG8VLQJ WKHVHSURFHVV SDUDPHWHUV WKH SRVVLELOLW\ WR SUHVHUYH DIWHU )63 DQGSRVW
SURFHVVLQJ DQQHDOLQJ XS WR  SFW RI WKH IXQFWLRQDO SURSHUWLHV RI PDWHULDO UHVSHFW WR WKH RQHV RI WKH DV
UHFHLYHGPDWHULDOKDVEHHQIRXQG
5HIHUHQFHV
>@ 3LHUUH0DUF -XQHDX $ODLQ *DUQLHU &DUO 'XFKHVQH 7KH XQGHFLPDWHG ZDYHOHW WUDQVIRUP±PXOWLYDULDWH LPDJH DQDO\VLV 8:70,$ IRU
VLPXOWDQHRXVH[WUDFWLRQRIVSHFWUDODQGVSDWLDOLQIRUPDWLRQ&KHPRPHWULFVDQG,QWHOOLJHQW/DERUDWRU\6\VWHPV
>@$63DXOD ..0DKHVK&0/GRV6DQWRV )0%UD])HUQDQGHV &6GD&RVWD9LDQD7KHUPRPHFKDQLFDOEHKDYLRXURI7LULFK1L7L
VKDSHPHPRU\DOOR\V0DWHULDOV6FLHQFHDQG(QJLQHHULQJ$±±
>@ $ %DUFHOORQD / )UDWLQL ' 3DOPHUL 7KHUPDO DQG WKHUPRPHFKDQLFDO WUHDWPHQWV RQ VKDSH PHPRU\ DOOR\V ,QWHOOLJHQW &RPSXWDWLRQ LQ
0DQXIDFWXULQJ(QJLQHHULQJ&RQIHUHQFH3URFHHGLQJV




>@ $ %DUFHOORQD / )UDWLQL ' 3DOPHUL & 0DOHWWD 0 %UDQGL]]L )ULFWLRQ VWLU SURFHVVLQJ RI 1L7L VKDSH PHPRU\ DOOR\ 0LFURVWUXFWXUDO
FKDUDFWHUL]DWLRQ,QWHUQDWLRQDO-RXUQDORI0DWHULDO)RUPLQJ
>@560LVKUD0:0DKRQH\)ULFWLRQ6WLU:HOGLQJDQG3URFHVVLQJ$60,QWHUQDWLRQDO

